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Comment on “Dimensional and dynamical aspects of the Casimir effect: understanding the reality
and significance of vacuum energy”
In [1] Milton has presented a brief review of some inter-
esting aspects of the theory of the Casimir effect. This
comment is aimed at correcting some imprecise state-
ments in that work with respect to the relevance of the
Casimir effect for explaining the phenomenon of sonolu-
minescence. In particular, [1] makes three assertions with
which we strongly disagree
1. That all of the Casimir-based explanations of sono-
luminescence rely on static Casimir effect calcula-
tions.
2. That the proposal by Liberati et al. [2–6] is based
on the same mechanism as used by Schwinger [7]
(photon production from the quantum vacuum gen-
erated by the rapid movement of the bubble bound-
ary).
3. That the “temperature” of the photons emitted in
sonoluminescence can be identified with the Unruh
temperature estimated from the acceleration of the
dielectric boundary.
Let us explain the motivation behind our comments:
Relevance of the static Casimir effect: There are
at least three models which apply the dynamical Casimir
effect (particle production from the quantum vacuum by
a time-varying external field) to the problem of sonolumi-
nescence. In particular Eberlein [8], Schu¨tzhold et al. [9],
and the main part of the present authors’ work [3,4] make
explicit use of such a framework (although the “external
field” driving the particle creation is not the same in all
of these models). It is then hard to agree with the claims
made in [1] that “the dynamical Casimir effect remains
largely unknown” and that “Schwinger and his followers
had to rely on the known results for the Casimir effect
with static boundary conditions”.
Schwinger vs. Liberati et al. proposal: The pro-
posal by Liberati et al. [2–6] cited in section 4 of [1] is not
at all coincident with the Schwinger proposal [7]. Neither
do the objections raised by Milton to the latter proposal
apply straightforwardly to the former. In particular, it
is not true that we proposed a model based on the in-
stantaneous collapse of a bubble: Such a calculation is
performed in [10] as a check of Schwinger’s proposal. It
is there clearly shown that, although correct in principle,
Schwinger’s mechanism cannot be applied to sonolumi-
nescence due to the extremely short timescales (femtosec-
onds) required for the collapse. It is not the femtosec-
ond scale in itself that is unphysical (e.g. femtosecond
lasers are now well established technology), simply that
the known timescale for collapse of the sonoluminescent
bubble is not so short.
In view of this, we proposed a modified mechanism
where particle production from the QED vacuum is due
to a sudden change in the refractive index of the gas. In
our model the bubble radius is taken to be at its min-
imum (its changes are presumably non-relativistic even
near to the end of the collapse), whereas the refractive in-
dex of the gas inside the bubble is assumed to be changing
rapidly. In [4] we calculated the number and the energy of
the photons that can be produced by a time-dependent
refractive index of the gas at fixed bubble radius. We
also demonstrated that a timescale up to the order of
picoseconds could be sufficient to explain the observed
emission (depending on the initial and final values of the
refractive index), thus we are allowed to avoid any su-
perluminal propagation of signal inside the bubble. The
semi-static approximation (instantaneous change in the
bubble refractive index), which Milton seems to view as
pre-eminent, instead appears only in [5] and then only
as a consistency check used to extend and confirm the
results of the companion paper [4] to the case in which
finite volume effects are taken into account.
Unruh temperature: A fundamental point is cen-
tral to all of the vacuum-based explanations of sonolu-
minescence: In these models nothing inside the bubble
reaches the physical temperature of thousands of Kelvin.
A thermal spectrum (even one at very large tempera-
ture) can be simulated by particle states generated by
the dynamical Casimir effect, as is well-known and ex-
plained in an extensive literature (e.g. see [6] and refer-
ences therein). Such a simulation of thermality requires
a particular regime [6] and is thus not generic. [Notice
that it is controversial whether a truly thermal spectrum
is actually detected at all in sonoluminescence.] More-
over the Unruh temperature T = a/2pi is pertinent to
the case of the response in a Minkowski vacuum of a
detector endowed with uniform acceleration a [11]. It
appears very hard to apply this situation to a collaps-
ing bubble (even in the case where one uses the moving
bubble boundary as the external field driving quantum
particle creation [8,9]).
In view of the above facts, to require the Unruh tem-
perature to be several thousand Kelvin, and from this to
deduce the necessary timescale for the bubble collapse,
is simply an incorrect procedure. The fact that following
such a procedure Milton arrives at a result in agreement
with our conclusions presented in [10] is mainly due to a
common feature of all of the dynamical Casimir effects:
the typical timescale required for the change of the exter-
nal field is roughly inversely proportional to the typical
frequency of the particles which one wants to produce.
In order to justify a spectrum peaked at frequencies of
the order of the Petahertz (which in sonoluminescence is
often interpreted as a thermal spectrum at several thou-
sand Kelvin) one apparently needs timescales of about
one femtosecond. The reason why this does not apply to
our model is that the typical frequencies of the particles
produced by a time-varying refractive index are not just
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determined by the inverse of the typical timescale of this
variation but also by the initial and final values of the
refractive index.
In conclusion we hope that this “comment” will serve
to remind people that the Casimir-based explanation of
sonoluminescence cannot be dismissed out of hand. It
is possible that experiments will ultimately disprove the
dynamical Casimir effect based explanation for sonolu-
minescence, but this will not happen on the basis of the
arguments proposed in [1].
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